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BACKGROUND

Control of locdized corrosion such as pitting [1] and
crevice orrosion can be very chalenging. The neel to use
costly preventative measures such as corrosion inhibitors is
dependent on the aility to deted whether locdized corrosion
is taking place When it occurs in locaions that are very
difficult, or impossble, to dbserve, remote monitoring of the
onset of locdized corrosion is of particular interest.

Our group is interested in developing cabon sted
microeledrodes as a means of probing and perhaps monitoring
such behavior on high grade carbon sted under conditi ons that
favor locdized corrosion [2]. The advantage of such
eledrodes is that they show an immediate and readily
identifiable response when locdized corrosion occurs. The
downside is that, because of their small size (on the order of
tensto hundreds of micronsin diameter), their eledrochemicd
response changes as their surfaces become rapidly altered. To
minimize this problem, applied pdentia biases and rapid
changes in inhibitor concentrations were employed to control
the surface damage. The latter approach is also particularly
useful as a dired test of an inhibitor's effediveness in
stopping locdized corrosion.

EXPERIMENTAL METHOD & RESULTS

In this dudy, we employed an aeated nitrite solution as
the inhibitor system, and varying concentrations of chloride &
the aggressor ion. This system was chosen, in part, becaise
cabon sted surfaces tend to be highly pasdve in nitrite
solutions, even in the presence of adventitious oxygen
asciated with our in situ atomic force microscopy (AFM)
studies [2-4]. By varying the gplied hias potential and the
ratio of chloride to nitrite, the timing for the initiation and
termination of locdized corrosion can be ontrolled to a
greder degree

Experiments consisted of oxidizing well charaderized
(via AFM and SEM), 30 to 300 um dia. carbon sted disk
eledrodes using a standard 3-eledrode setup. Solutions
ranged from 0.025to 0.1 M NaNO,, and included ratios of 1:1
and 31 chloride (NaCl) to nitrite. The mgority of the
experiments employed a zeo resistance ammeter (ZRA) while
driving the potentia of the microeledrode anodic relative to
the counter eledrode. When neeled, a simple flow-cdl (flow
rates st at 1 to 3 ml/min) was used to rapidly change the
solution conditi ons from passive to aggressve, and vice versa.

Under anodicdly biased potentias, active, locdized
corrosion can be reaily induced in a solution containing 3:1
chloride to nitrite. Once started, this corrosion is gopped by
going to the open circuit potential (OCP), which typicdly is
negative of the repassvation potential. In the example given
in figure 1, subsequent applicaion of a far less oxidizing
potential of 0.3 V (relative to the amunter eledrode, or ca 0.31

V relative to a Fe/sat.FeCO5/0.5MNaHCO; reference
eledrode) tended to reinitiate locdized corrosion after an
induction period. As en in figure 1, the duration and
magnitude of potential biases closer to OCP (defined as a
0 V bias) diredly determined how fast, and to what
magnitude, locdized corrosion currents would reiniti ate at
the 0.3 V hias. In figure 2, it can be seen that changing
the solution conditions from aggressve to more passve
can aso rapidly affed the localized corrosion currents. In
general, it was observed that controlli ng the initi ation and
termination of locdized corrosion, athough Hhghly
variable, followed expeded trends in that more negative
applied potentials and more passvating solutions
terminated adive orrosion and restricted reinitiation.
This presentation will address the trends observed as a
function of surface damage with time and duration of
applied potential bias.
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Figure 1. Variable voltage biased ZRA study of a ~25 x
40 um carbon steel eledrode in 0.02 M NaNO,/0.06 M
NaCl/air. The large aurrent spikes correspond to adive,
locdized corrosion. Note that immediately prior to this
experiment the dedrode was sibjeded to a 10 mV/s
ramped padential experiment, in the same solution, where
sustained locdized corrosion initiated at ca 0.72 V and
showed repassvation at 0.08 V vs Fe/sat.FeCOs.
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Figure 2. 0.6 V biased ZRA study of a ~8 x 40 um

cabon sted eledrode in a flow cdl (2 ml/min) as the

solution is varied between 0.1 M NaNO, and 0.025 M

NaNO,/0.075 M NaCl/air. The large arrent spikes

correspond to adive, locdized corrosion.



